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Background:

Shallow foundations are designed such that the bearing pressure does not exceed the safe bearing pressure of the soil
(ultimate limit stated) and that the resulting settlement does not exceed a limiting value (serviceability limit state).
Shallow foundations are either spread footings or mat foundations. The study addresses the settlement of large loaded
areas with respect to two main issues: precision of the settlement predictions for large loaded areas on stiff clay by
common methods and comparison of the settlement of a mat foundation supporting many building columns with the
settlement of a cluster of individual spread footings under the columns. Typical procedures when predicting the
settlement of spread footings in a cluster is to assume that the footings are isolated, thereby neglecting the effect of
adjacent footings. This procedure will always result in a settlement that is less than the settlement of an equivalent
mat foundation.

What the Researcher Did:

A database of 85 case histories with foundation width or diameter larger than 10 m (32.8 ft) on clays was assembled
and used to analyze three methods of predicting the settlement of a structure, a tank, or an embankment. The data
collected included foundation width, applied foundation pressure, soil properties such as undrained strength and/or
1D consolidation properties, observed settlement, and duration of settlement observation. These data are organized in
a spread sheet called TAMU-MAT-CLAY. The three methods used in the settlement prediction are the modulus
approach using a long-term modulus that is correlated to S, the 1D consolidation approach, and the 1D consolidation
approach with the application of the Skempton-Bjerrum correction factor; this correction factor considers the soil
stress history and associated difference in excess pore pressure between the 3D condition in the field and the 1D
condition in the consolidation test. In the modulus approach, a long-term modulus E = 120S, was used to predict the
long-term settlement of building foundations, while a long-term modulus E = 80S, was used for tanks and
embankments. In the consolidation approach, the consolidation magnitude equation was used to predict the long-term
settlement. In determining the Skempton-Bjerrum correction factor, the rectangular foundation was converted into an
equivalent circular foundation and an average value of the Skempton pore pressure parameter A was selected. Then,
the Skempton-Bjerrum correction factor was applied to the settlement predicted using the 1D consolidation. The
predicted settlement using these methods were compared to the observed settlement and the probability that predicted
settlement will be greater than the observed settlement was determined. In addition, the predicted settlement using the
modulus approach and the consolidation approach were compared to each other.

Finite element numerical simulations of building foundations were performed using ABAQUS (Figure) to investigate
and compare the settlement of a cluster of spread footings foundation to that of an equivalent mat foundation. In
addition, profiles of vertical stress increase under each foundation system were obtained, compared, and analyzed.

What the Researcher Found:

The database analysis confirms the findings of previous CERGEP reports that using the modulus equation with a long-
term modulus of 120S, for building foundations and 80S, for tank and embankment foundations will result to a 90%
probability that the predicted settlement will be greater than the observed settlement. The consolidation approach gives
a 78% probability that the predicted settlement will be greater than the observed settlement. To obtain a 90%
probability value, the consolidation predicted settlement must be multiplied by 1.1. The application of the Skempton-
Bjerrum correction to the 1D consolidation approach resulted in an average reduction of 16% of the consolidation
predicted settlement. The modulus approach and the consolidation approach yielded comparable results with an
average overprediction of 1.23 and 1.19, respectively (Figure).
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The FEM numerical simulations of the two types of building foundation showed that the settlement of a cluster of
spread footings foundation is always higher than the settlement of an isolated spread footing. The difference depends
on the relative spacing between footings in the cluster. Moreover, the settlement of a cluster of spread footings
foundation is also greater than the settlement of an equivalent mat foundation when both foundations must carry the
same total load. The increase in settlement of the spread footings is due to two factors: the higher pressure carried by
the smaller spread footings and the overlapping of the bulbs of pressure underneath the cluster (Figure). This causes
the depth of influence of the cluster to be deeper than 2 times the width of the individual spread footings and often as
deep as the depth of influence of the equivalent mat foundation. Comparing the normalized stress increase underneath
the middle footing in a cluster to the normalized stress increase underneath the center of the mat foundation led to the
development of a method to calculate, by hand, the settlement of the middle footing in a cluster of footings foundation.
The method involves re-constructing the normalized vertical stress increase profile underneath the cluster (Figure)
and using it to calculate the compression of the soil layers down to the depth of influence. The hand method is shown
to be applicable to clusters of spread footings with relative spacing S/Bspread between 1.43 and 5, corresponding to a
ratio between the cumulative area of spread footings to the area of the equivalent mat foundation of 0.04 to 0.49, on a
soil with uniform or varying modulus with depth. The predictions by the hand method compared very favorably with
the predictions by the Finite Element Method (Figure).
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